Backgrounds/Aims: Consistency on risk factors for postoperative pancreatic fistula (POPF) after left-sided pancreatectomy (LP) according to the stump closure methods has not been revealed. Appropriate surgical stump closure method after LP is still in debate. This study investigates risk factors for POPF according to the closure methods in LP. Methods: A total of 49 consecutive patients underwent LP with a stapler closure (ST) or hand-sewn closure (HS) between June 2001 and September 2016. The risk factors of pancreatic fistulas were investigated in 49 LPs according to stump closure methods, HS (n=19), and ST (n=30). Results: There was no significant difference in the incidence of overall POPF (HS 42.1% vs. ST 50.0%) and clinical relevant POPF (CR-POPF) (HS 5.3% vs. ST 6.7%) between two groups. In the ST group, the pancreas was significantly thick in patients with CR-POPF (27 mm vs. 17 mm) and the tumor was also larger (58 mm vs. 27 mm). In the HS group, the operation time was longer in CR-POPF group (515 min vs 292 min). In univariate analysis, wider diameter of the pancreatic duct (27 mm vs 16 mm) was associated with POPF in the HS group. There was no meaningful risk factor for POPF in the ST group. Conclusions: Incidence of overall POPF between the ST and HS group were clinically insignificant in this study. The thickness of the pancreas and the tumor diameter are factors significantly associated with CR-POPF in the ST group. Long operation time was the only factor associated with CR-POPF in the HS group. (Ann Hepatobiliary Pancreat Surg 2019;23:385-391)
INTRODUCTION
Pancreatic fistula after left-sided pancreatectomy (LP)
is the surgeon's major concern as that in pancreatic fistula after pancreaticoduodenectomy. Although various techniques have been attempted to prevent the development of postoperative pancreatic fistula (POPF) after LP, no definite consensus has been established. 1 Among various methods of stump closure after LP, stapler closure (ST) and hand-sewn (HS) are the most typical and popular. The stapler closure is the mainly selected method during laparoscopic left-sided pancreatectomy whereas the hand-sewn suture is the method commonly performed during laparotomy, regardless of reinforcement of the stump closure. The European multicenter trial (DISPACT) demonstrated that the incidence of POPF was comparable between stapler and hand-sewn closures. 2 Including development of various closure methods, ongoing efforts for reducing pancreatic fistula have not been completed yet. In this context, identifying factors which affect the occurrence of the pancreatic fistula after LP is important. This research aimed to investigate the risk factor for POPF due to the closure methods during LP. Table 2 describes the factors related to POPF and postoperative outcomes such as hospital stay. The overall fistula rate which now revised as the biochemical leak was The level of drain amylase and the portion of patients who showed the level of amylase above 5000 on postoperative day 1 were also similar. The hospital stay of the ST group was significantly shorter than the HS group.
MATERIALS AND METHODS

RESULTS
Patients
Overall POPF
Since the stapler was mostly used in laparoscopic cases, it might be the reason why hospital stay in HS group is longer than ST group.
Further subgroup analysis was performed for CR-POPF between two groups. In ST group, CR-POPF was associated with large sized tumor and the thick pancreas stump, which is measured at the postoperative abdominal CT.
Interestingly, CR-POPF did not occur in the laparoscopic group and patients who had benign pathology. In HS group, CR-POPF was associated with long operation time.
However, in multivariate analysis, we could not reveal any significant risk factor for clinical relevant fistula in both groups.
Risk factors of POPF after left-sided pancreatectomy (ST)
Univariate and multivariate analyses were used to reveal the risk factors for pancreatic fistulas after LP in the ST group. As shown in Table 3 , the univariate analysis for risk factors was performed between the patients with CR-POPF (n=2) and without pancreatic fistulas or having grade A fistula (n=28).
In the ST group, patients who had a large tumor and greater thickness measured on postoperative abdominal CT showed a statistically significant higher incidence of pancreatic fistula (p＜0.009 and 0.024). On the other hand, multivariate logistic regression analysis did not show significant differences for these two factors.
Combined resection of adjacent organ tends to have more cases of pancreatic fistula, even though it did not show statistical difference (p=0.051). Pancreatic duct size, tumor location, and splenic preservation were not significant risk factors in both analyses. 
Risk factors of POPF after left-sided pancreatectomy (HS)
As shown in The incidence of POPF after distal pancreatectomy (DP) has been reported to range from 18.6 to 64.9%. [5] [6] [7] During postoperative day 30, more than a third of patients have a pancreatic fistula after the procedure and a quarter of patients suffered from severe complications, according to the consensus classification of The International Study Group for Pancreatic Surgery (ISGPS). 4 In the year 2017 new definition of the pancreatic fistula was introduced by ISGPS, 8 and they only confined the fistula only as clinically relevant one such as 'Grade B and C'. The portion of 6.1% of CR-POPF in our study without mortality might be in the acceptable range.
In terms of the pancreatic head resection, the pancreas itself has been believed as a potentially important factor which can affect POPF occurrence. Besides, procedure-related factors such as the anastomotic methods did not arouse interest in its influence. Other procedure-related factors, such as management of pancreatic stump after DP was the major concern of surgeons in the matter of POPF.
As the concept of minimally invasive surgery in pancreatectomy is in the limelight, stapler closure is the widely used standard technique for stump closure. [9] [10] [11] [12] However, appropriate surgical stump closure method after LP is still in debate.
There have been three meta-analyses of techniques for closure of the pancreatic remnant after DP and they did not show a statistically significant reduction in the incidence of pancreatic fistulas. [13] [14] [15] DISPACT, A multicenter randomized controlled trial, published in 2014, has been evaluated the possibility of stapler closure to reduce POPF over hand-sewn closure after DP. The paper also concluded stapler closure did not reduce the incidence of POPF after DP compared to hand-sewn closure. 2 As we can see, including DISPACT trial, most of current studies are focused on the association between POPF and stump closure methods.
As benign to borderline malignancies are mainly indicated for minimally invasive pancreatectomy including laparoscopy, we tried to analyze POPF risk factors separately due to the way of approach and stump closure methods.
In our study, the stapler closure method was mainly applied in laparoscopic surgery, whereas the hand-sewn method was common in open surgery such as radical antegrade modular pancreatectomy and tail resection (RAMPS).
We expected there might be difference between the risk factors of POPF in subgroup analysis according to different stump closure method.
Our study proved the tumor size and the thickness of pancreas at the transection line are associated with CR-POPF patients in the ST group. In the HS group, long operation time was observed in CR-POPF patients. Moreover, in univariate analysis, larger diameter of main pancreatic duct was associated with POPF.
The well-known major risk for POPF following DP in the ST method is the thickness of pancreas. This reveals thick pancreas stump is vulnerable to POPF occurrence. 16, 17 Kawai et al. 17 reported an increased thickness of the pancreas significantly affects the incidence of pancreatic fistulas after DP with stapler closure. To improve the degree of reliability and reduce the measurement bias, we measured the thickness of pancreatic resection site twice, pre-and postoperatively. There was no significant difference between pre-and postoperative measured value.
It is well known that texture of the pancreas is one of major risk factor in POPF. Since the texture of pancreas generally not affected in the resection of the distal pancreas, it was not routinely monitored during current study. [19] [20] [21] The texture of pancreas mostly related to the occurrence of POPF after pancreaticoduodenectomy. 4 On the literature, spleen-preservation is mentioned as another risk factor significantly associated with POPF after DP. 22 It might occur because of the possibility of potential devascularization of the remnant pancreas in splenic preservation, which could cause failure in healing of the pancreatic stump. Ridolfini et al. 23 showed patients who underwent concomitant splenectomy showed lower incidence of CR-POPF. In year 2008, Goh et al. 24 announced similar results with analysis of 232 patients.
The mechanism of POPF formation in the hand-sewn group during DP was thought to be related to involvement of ischemic necrosis of the sutured surgical stump. CR-POPF also observed in the patients who had long oper-ation time in HS group, 17 which was consistent with our study finding. The factors associated with increased complexity of surgery including increased operation time to be associated with increased non-PF related complications. 24 Including non-PF related complications, five complications occurred and the overall complication rate was 10.2%. 
